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Description 



[METHOD OF FABRICATING FLASH 

MEMORY] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The invention relates in general to a method of fabricating 
a flash memory, and more particularly, to a method of a 
flash memory in which an overlapping area between a 
floating gate and a control gate is increased. 

[0003] Related Art of the Invention 

[0004] Flash memory has been broadly applied in personal com- 
puter and electronic products due to the superior data re- 
tention characteristics. 

[0005] The typical flash memory has a stack-gate structure, 
which comprises a tunneling oxide layer, a polysilicon 
floating gate used to store charges, a silicon oxide/silicon 
nitride/silicon oxide (ONO) dielectric layer, and a polysili- 
con control gate used to control the data access. 



[0006] Normally, the larger the gate-coupling ratio (GCR) be- 
tween the floating gate and the control gate, the lower the 
operation voltage required. Consequently, operation 
speed and efficiency are greatly enhanced. The method of 
increasing the gate-coupling ratio includes increasing the 
overlap area, the thickness of the dielectric layer, and the 
dielectric constant k of the dielectric layer between the 
floating gate and the control gate. 

[0007] As mentioned above, increasing the overlap area between 
the floating gate and the control gate is advantageous to 
increasing the gate-coupling ratio. However, due to the 
continuous demand of higher integration, the area occu- 
pied by each memory cell has to be reduced. Therefore, 
how to fabricate a flash memory with a high gate- 
coupling rate within limited chip area has become an im- 
portant task. 
Summary of Invention 

[0008] The present invention provides a method of fabricating a 
flash memory in which the overlap area between a floating 
gate and a control gate is increased, such that the cou- 
pling ratio thereof is increased. 

[0009] The method of fabricating a flash memory provided by the 
present invention comprises the following steps. A tun- 



neling dielectric layer, a conductive layer and a mask layer 
are sequentially formed on a substrate. The mask layer, 
the conductive layer and the tunneling dielectric layer are 
patterned to form longitudinally arranged strips on the 
substrate. Buried source/drain regions are then formed in 
the substrate between the strips. The strips are further 
patterned to form gate structures, which thus respectively 
comprise one patterned tunneling dielectric layer, one 
patterned conductive layer and one patterned mask layer. 
An insulation layer is formed on sideways adjacent to the 
gate structures. The insulation layer has a top surface at a 
height lower than a top surface of the patterned conduc- 
tive layer of the gate structures, such that a part of the 
sidewalls of the gate structures is exposed. A material 
layer then is formed on the insulation layer sideways adja- 
cent to the gate structures. The patterned mask layer is 
removed to expose the top surface of the patterned con- 
ductive layer. An additional patterned conductive layer 
then is formed on the exposed patterned conductive layer 
in a manner to extend over the sideways adjacent material 
layer. The additional patterned conductive layer thereby 
has an area greater than that of the first patterned con- 
ductive layer, and forms with this latter a floating gate. 



The material layer then is removed, and a gate dielectric 
layer is formed on the exposed top surface and sidewalls 
of the floating gates. Lastly, a control gate is formed on 
the gate dielectric layer. 
[0010] | n the present invention, the height of the insulation layer 
formed sideways adjacent to the gate structures is re- 
duced, such that the additional patterned conductive layer 
formed on the first patterned conductive layer extends 
over the buried source/drain regions to form a floating 
gate. As a result, the overlapping area between the control 
gate and the floating gate is increased, and the gate- 
coupling ratio is increased. 
Brief Description of Drawings 

[0011] These, as well as other features of the present invention, 
will become more apparent upon reference to the follow- 
ing drawings. 

[0012] Figures 1A to 1L are top views showing the fabrication 

process of a flash memory according to an embodiment of 

the present invention. 
[0013] Figures 2A to 2L are cross-sectional views respectively 

taken along section l-l" of Figures 1A to 1L. 
[0014] Figures 3 and 4 are cross-sectional views showing the 

fabrication process of a flash memory according to an- 



other embodiment of the present invention. 
Detailed Description 

[0015] Figures 1A to 1L are top views showing the fabrication 
process of a flash memory according to a preferred em- 
bodiment of the present invention. Figures 2A to 2L are 
cross-sectional views along line l-l" as shown in Figures 
1A to 1L, respectively. Referring to Figures 1A and 2A, a 
substrate 100 is provided. The substrate 100 is, for ex- 
ample, a silicon substrate. A tunneling dielectric layer 
102, a conductive layer 104 and a mask layer 106 are se- 
quentially formed on the substrate 100. The material of 
the tunneling dielectric layer 102 includes silicon oxide, 
and the thickness thereof is about 50 angstroms to about 
100 angstroms, for example. 

[0016] The method for forming the tunneling dielectric layer 102 
includes thermal oxidation or low-pressure chemical va- 
por deposition (LPCVD), for example. The material of the 
conductive layer 104 includes doped polysilicon, which is 
formed by, for example, performing low-pressure chemi- 
cal vapor deposition with silane as a gas source to deposit 
a polysilicon layer, followed by an dopant implantation 
process. The operation of the deposition process is about 

o 

575 C to about 650°C, and the operation pressure thereof 



is about 0.3 torr to about 0.6 torr. 

[0017] The material of the mask layer 106 includes silicon nitride 
or silicon oxide. Silicon nitride is formed by, for example, 
performing a low-pressure chemical vapor deposition us- 
ing dichloro-silane and ammonia as reacting gases. 

[0018] Referring to Figures IB and 2B, a patterned photoresist 
layer 108 is formed on the mask layer 106. The mask 
layer 106, the conductive layer 104 and the tunneling di- 
electric layer 102 are etched using the patterned photore- 
sist layer 108 as a mask to form a plurality of strips 200 
longitudinally arranged on the substrate 100. The strips 
200 respectively comprise the patterned tunneling dielec- 
tric layer 102a, the patterned conductive layer 104a, and 
the patterned mask layer 106a. An ion implantation step 
is performed to form buried source/drain regions 110 in 
the substrate between the strips 200. 

[0019] Referring to Figures 1C and 2C, the patterned photoresist 
layer 108 is removed. Another patterned photoresist layer 
(not shown) is formed on the strips, and the strips 200 are 
etched using the patterned photoresist layer as a mask to 
form the gate structures 300. The floating gate structures 
300 comprise the patterned tunneling dielectric layer 
102b, the patterned conductive layer 104b, and the pat- 



terned mask layer 106b. 
[0020] Referring to Figures ID and 2D, an insulation layer 112 is 
formed on the substrate 100 to cover the gate structures 
300 and fill the spaces between the gate structures 300. 
The material for forming the insulation layer 112 has an 
etching selectivity different from that of the mask layer 
106b, and is, for example, silicon oxide, silicon nitride or 
spin-on-glass material. The method for forming the insu- 
lation layer 112 includes, for example, performing a high- 
density plasma chemical vapor deposition (HDP-CVD) or 
spin-coating. 

[0021] Referring to Figures IE and 2E, the insulation layer 112 on 
the mask layer 106b is removed to expose the patterned 
mask layer 106b. The remaining insulation layer, located 
sideways adjacent to the gate structures 300, is denoted 
by reference numeral 112a. The method for partly remov- 
ing the insulation layer 112 includes, for example, per- 
forming a chemical mechanical polishing (CMP) or a back 
etching. 

[0022] Referring to Figures IF and 2F, a part of the remaining in- 
sulation layer 112a is removed to leave a remaining insu- 
lation layer 112b with a top surface lower than a top sur- 
face of the conductive layer 104b, such that a part of the 



sidewall of the conductive layer 104b is exposed. The 
method for partly removing the insulation layer 112a in- 
cludes, for example, performing a back etching. 

[0023] Referring to Figures 1G and 2G, a material layer 114 is 
formed on the insulation layer 112b to cover the gate 
structures 300 and fill the spaces between the gate struc- 
tures 300. The material of the layer 114 includes, for ex- 
ample, boron-phosphorus silicate glass (BPSG) or phos- 
phorus silicate glass (PSG), and has an etching rate differ- 
ent from those of the mask layer 106b and insulation 
layer 112b. A material layer 114 made of BPSG is formed 
by, for example, performing a normal-pressure CVD with 
silane, hydrogen phosphide, and hydrogen boride as re- 
acting gas sources, and a reaction temperature between 
about 350°C and 450°C. 

[0024] Referring to FIG. 1H and 2H, the material layer 114 on the 
mask layer 106b is removed to expose the patterned 
mask layer 106b, which leaves remaining material layer 
114a sideways adjacent to the gate structures 300. The 
method for removing the material layer 114 includes, for 
example, performing a CMP or back etching. 

[0025] Referring to Figures II and 21, the mask layer 106b is re- 
moved to expose the top surface of the conductive layer 



104b. The method for removing the mask layer 106b in- 
cludes, for example, performing a wet etching. If the ma- 
terial of the mask layer 106b is silicon nitride, the etchant 
used in the wet etching step includes, for example, phos- 
phoric acid. 

[0026] Referring Figures 1J and 2J, another patterned conductive 
layer 116 is formed on the patterned conductive layer 
104b, and further overlaps a peripheral portion of the 
material layer 114a. In other words, the patterned con- 
ductive layer 116 has an upper surface area greater than 
that of the patterned conductive layer 104b, and forms 
with this latter a floating gate 400. 

[0027] | n an embodiment, the formation of the patterned con- 
ductive layer 116 comprises forming a conductive layer, 
for example, doped polysilicon, over the patterned con- 
ductive layer 104b and material layer 114a. Low-pressure 
CVD, for example, may be performed to form this con- 
ductive layer, on which a patterned photoresist layer (not 
shown) is subsequently formed. Using the patterned pho- 
toresist layer as a mask, the conductive layer 116 then is 
etched to expose the material layer 114a. 

[0028] Referring to Figures IK and 2K, the material layer 114a is 
removed by, for example, back etching. 



[0029] Referring to Figures 1L and 2L, a gate dielectric layer 118 
is formed over the substrate to cover the sidewalls of the 
patterned conductive layer 104b and the top surface and 
sidewalls of the patterned conductive layer 116. The gate 
dielectric layer 118 is, for example, silicon oxide/silicon 
nitride/silicon oxide (ONO). The method for forming the 
gate dielectric layer 118 includes, for example, forming an 
oxide layer by thermal oxidation, followed by a low- 
pressure CVD to respectively form a silicon nitride layer 
and another silicon oxide layer. The gate dielectric layer 
118 also may be made of other materials such as silicon 
oxide or silicon oxide/silicon nitride. 

[0030] a conductive layer 120 is formed on the gate dielectric 
layer 118, used as a control gate. The conductive layer 
120 includes, for example, a policide layer consisting of a 
doped polysilicon layer 122 and a metal silicide layer 124. 
The method for forming the doped polysilicon layer 122 
includes, for example, performing an in-situ doping step. 
The metal silicide layer is formed by a method that com- 
prises, for example, performing a low-pressure CVD using 
metal fluoride and silane as gas sources. The subsequent 
process for forming the flash memory is known in the art 
and is not further described. 



[0031] As described above, the floating gate is comprised of two 
patterned conductive layers specifically formed by the in- 
vention. A first conductive layer is formed between the 
buried source/drain regions with sidewalls laterally ex- 
posed. A second conductive layer is formed on the first 
conductive layer in a manner to further extend over the 
adjacent buried source/drain regions. The overlapping 
area between the floating gate and the control gate 
thereby is increased, which favorably increases the device 
coupling ratio. 

[0032] Figure 3 illustrates an intermediary manufacture stage 
where the processed substrate has undergone the pro- 
cessing steps described in Figures 2A through 2J. There- 
after, a material layer 302 is formed in the spaces be- 
tween the patterned conductive layer 116. The height of 
the top surface of the layer 302 is lower or approximately 
as high as that of the top surface of the patterned con- 
ductive layer 116. Another patterned conductive layer 304 
is formed on the patterned conductive layer 116. The pat- 
terned conductive layer 304 covers the patterned conduc- 
tive layer 116 and further extends over a peripheral por- 
tion of the material layer 302. 

[0033] Referring to Figure 4, the material layer 114a and the ma- 



terial layer 302 are removed to form a floating gate com- 
prised of the conductive layers 104b, 116, 304. Agate di- 
electric layer 118 is subsequently formed on the exposed 
surface of the floating gate. Lastly, a conductive layer 120 
is formed on the gate dielectric layer 118, used as control 
gate. 

[0034] jo further increase the overlapping area between the 

floating gate and the control gate, additional conductive 
layers may be further sequentially formed on the conduc- 
tive layer 104b by repeating the above processing steps 
for forming the material layer 302 and conductive layer 
304. 

[0035] As described above, the height of the insulation layer sur- 
rounding the floating gate therefore is reduced in the in- 
vention, such that the sidewall of the floating gate is 
partly exposed, resulting in a larger overlapping area with 
the control gate. Consequently, the gate-coupling ratio is 
increased without increasing the cell area of the flash 
memory. 

[0036] other embodiments of the invention will appear to those 
skilled in the art from consideration of the specification 
and practice of the invention disclosed herein. It is in- 
tended that the specification and examples be considered 



as exemplary only, with a true scope and spirit of the in- 
vention being indicated by the following claims. 



